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ABSTRACT : 

CHG DATE=20011022 STATUS=0>A technique for 
interconnecting electronic 

components in which interconnection wires (7) are bonded to 
contacts (3) on a , 
first component (1) without the use of a material other 
than the materials of 
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the contacts and the wires; the wires are then severed to a 
desired length of 

between 2d and 2 0d, where d is the diameter of the wires, 
and bonded to 

contacts (23) on the second component (21) by means of a 
conductive material 

(27) such as solder. Preferably, solder is provided as 
pools located in 

recesses in a layer of insulating matnfonuationrial . The 
invention also 

provides a bonding head for a wire bonder for bonding the 
wire to the contact 

on the first component and for weakening or severing the 
wire at the desired 
point . 
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(57) Abstract 



A technique for interconnecting electronic components in which interconnection wires (7) are bonded to contacts (3) 
on a first component (1) without the use of a material other man the materials of the contacts and the wires; the wires are 
then severed toTdesired length of between 2d and 20o\ where d is the diameter of the wires, and bonded to contacts (23) 
on the second component (21) by means of a conductive material (27) such as solder. Preferably, solder 1* provided as. 
pools located in recesses in a layer of insulating material. Tne invention also provides a bonding head for a wue bonder 
for bonding the wire to the contact on the firat component and for weakening or severing the wire at the desired point 
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TMTERCOtmg™TON OF ELECTRONIC COMPONENTS 

This invention relates to the interconnection of 
electronic components such as foe example integrated circuit 
<1C> chips, chip carriers, printed circuit boards and, in 
particular, to methods of forming an interconnection wire on 
a contact on an electronic component, methods of 
interconnecting contacts on first and second electronic 
components, a capillary for a wire bonder and electronic 
components per se. 

• As the size of electronic components is reduced due to 
advances in the techniques by which they are manufactured, 
the density with which such components can be arranged in a 
piece of equipment becomes increasingly dependent on the 
space required to form interconnections to contacts on the 
components. A commonly used technique involves fastening a 
component such as an IC chip to a substrate such as a 
- printed -circuit board . by. means of an adbesxve. 
Interconnection wires are each bonded at one end to a 
respective contact on the component by thermocompression 
wire bonding (which uses a combination of heat and pressure 
to form a weld), and are bonded at or towards their other 
end to a respective contact on the substrate, again 
generally by thermocompression wire bonding. A significant 
disadvantage of this technique is that the area occupied by 
the installed component with its interconnections is 
significantly greater than the area of the component itself. 
The configuration of an interconnection made by this 
technique will be as disclosed in QS-4417392. 

An interconnection technique which reduces the space 
required to form the interconnections to a component 
involves the formation of "bumps" of a conductive material 
on the contacts of either the component or the substrate to 
which the component is to be connected. The bumps allow 
connections to be made between the contacts on the component 
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and contacts on the substrate which are direotly opposite 
the component contacts. Generally, the bumps comprise a 
solder material and are applied to- contacts by. plating. 
Connection of a bump to a Second contact can then be 
achieved by ref lowing the solder. It is also known to form 
bumps by forming a bond between a ball on the end of a 
length of wire and a contact by thermocompression wire 
bonding, and breaking the wire immediately above the ball. 

connection between the ball and a second contact can then 
be made by means of a welding technique such as ultrasonic 
banding. This technique is disclosed in JP-A-59. 208751, 
jp-A-80. 89951 and JP-A-60. 134444. 

Interconnections between electronic ; components which are 
formed by means of bumps suffer from the- disadvantage that 
frequently they are not sufficiently compliant to withstand 
forces exerted on thermal cycling, which can result in 
differential expansion of the. components and breakage of at 
least some of the interconnections. 

US-3373481 discloses a technique for . securing conductive 
pedestals to terminal elements of an integrated circuit 
device, which comprises thermocompression bonding gold 
spheres onto the terminals using .a tool which deforms the 
spheres into elongate pedestals. The pedestals are 
connected to interconnect areas on a printed circuit board 
by means of a solder in which the gold o£ the pedestals 
dissolves. The application of this technique to densely 
packed contacts is limited by the accuracy with which the 
tool used to deform the spheres can be manufactured. 
Furthermore, the disclosed technique relies on dissolution 
of the material of the pedestals, in order to ensure that 
they are of approximately equal height, and therefore that 
interconnections can be made between all of the pedestals 
and respective contacts which lie in a single plane. This 
has the disadvantage that the resulting joint between the 
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pedestals and the solder is embrittled on dissolution in the 
solder and, moreover, if it is desirable or necessary to 
break the solder connections and subsequently to remake them 
(for example for repair), the length of pedestal remaining 
for such subsequent connection is reduced. 

We have devised a technique for interconnecting 
electronic components in which interconnection wires are 
bonded at one end to contacts on a first component, cut to a 
predetermined length and bonded to contacts on a second 
component by means of a material which is different from the 
materials of the wires and the contacts. 

in one aspect, the invention provides a method by which 
an interconnection wire may be formed on a contact on an 
electronic component, comprising bonding a wire to the 
contact without the use of a material other than the 
materials of the contact and the wire and severing the wxre 
to leave an interconnection wire bonded to the contact and 
having a free end, the length of the interconnection wire, 
measured from the contact or, if a portion of the 
interconnection wire is broadened in the vicinity of the 
contact, from a point immediately above any such broadening, 
being from about 2d to about 20d where d is the diameter of 
the interconnection wire. 

The use of wire to form means for interconnecting 
contacts on electronic components has many advantages over 
conductive pedestals formed by deforming gold spheres. In 
particular, the technique of the present invention is 
applicable to wires having diameters as small as 75 
micrometers or less without the need to make intricate and 
very small scale tools. The technique is very adaptable and 
does not require different tools for each configuration of 
component. The technique allows interconnection wires to be 
made more reproducibly to a desired length than is possible 
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by deforming gold spheres and therefore removes the need to 
use a solder to dissolve the material- of the interconnection 
means which r as discussed above , has significant 
disadvantages . 

The ease with which connections can be made to the 
interconnection wires of the present invention f arising from 
their reproducible length f has the significant advantage 
that it allows connections to be made to contacts on an 
electronic component for testing purposes; the fact that it 
is not necessary to dissolve the end portions • of the wires 
in a solder to make their lengths equal means that the wires 
maintain their full length after testing, for subsequent 
interconnection to another electronic component, 

The interconnection technique of this invention allows a 
higher density of interconnections to be achieved than has 
been possible hitherto, and furthermore, its applicability 
is not restricted to electronic components with a maximum 
number of contacts. This is in contrast to. the technique in 
which a component is connected to a substrate (on which it 
is mounted) by wires having a wire bond at each end, in 
which the contacts have generally to be around .the perimeter . 
of the component? thus according to the present invention 
wire bonding techniques can be used to provide an array of 
interconnection wires on a component, or a component having 
multiple rows of interconnection wires around its perimeter. 
It is in contrast to connections made by means of bumps, 
which generally are applicable only to components with a 
small size because of their inability to withstand expansion 
and contraction of the connected components on thermal 
cycling. It is also in contrast to the technique of making 
interconnections by means of moulded pedestals because of 
the difficulty of machining and maintaining clean moulds to 
the small sizes of wires which are used in the "present 
technique. 



PAGE 1 8/49 * RCVD AT 9^1/2004 4:01 :57 PM CEastem Daylight rime] * SVR:USPT0-EFXRF-1« * DNIS:8729306 * CSID:7036333303 * DURATION (mm-ss): 1 244 



Ssp-21-2004 03:06pm Frcra-LF3 OFFICE AREA 



7036333303 



T-008 P. 01 9/049 F 



-S- 

The contact on the surface of the component, to which 
the interconnection wire is or is to be connected, may be in 
the form of, for example, a pad, or an end of a conductive 
trace which runs parallel or perpendicular (or at an angle 
between the two) to the surface, such as a via. it may be 
recessed, coplanar with the surrounding surface of the 
component, or it may stand proud of the surface. 

The bond between the wire and the contact, which is made 
without the use of a material other than the materials of 
the contact and the wire, will generally be a weld. The 
bond may be formed by the application of one or a 
combination of heat, pressure and vibration, for example, by 
thermocompression bonding which utilizes a combination of 
heat and pressure, or by thermosonic or ultrasonic bonding 
which utilize a combination of heat, pressure and vibration. 
It will be understood that incidental amounts of materials 
other than the materials of the wire and the contact, such 
as for example surface preparation agents , reaction products 
and contaminants such as oxide coatings and the like, may be 
present in or around the bond. 

The bond may be formed between the circumferential 
surface of the wire and the contact, the wire being bent 
adjacent to the bonded portion so that it extends away from 
the contact. This is generally known as "wedge bonding". 

More preferably however, the bond is formed between the 
end of the wire and the contact. This technique generally 
involves heating the wire at or near its end to form a ball. 
The bond is then formed between the ball and the contact. 
The heat may be applied to the end of the wire by means of 
an electric arc extending between an electrode and the wire. 
The wire is supplied from the wire bonder through a bonding 
head which is generally referred to as a capillary and which 
has a through passage through which the wire passes. This 
technique is generally known as "ball bonding". 



PAGE 19/49 * RCVD AT 9/21/2004 4:01 :57 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3 * DNIS:8729306 * CSID:7036333303 * DURATION (mm-ss):1 244 



S8P-21-2QQ4 03:07pm FronHF3 OFFICE AREA 



7036333303 



T-008 P. 020/049 F-683 



-6- 

The wire which is used to form interconnection wires in 
accordance with the present invention will be as fine as 
possible consistent with the mechanical and electrical 
requirements placed upon it when in use, and on the 
requirements for handling it and for bonding it to the 
contacts . Generally, the wire will be substantially round 
and will have a diameter of less than about 375 micrometers 
(microns > r preferably less than about 250 microns* 
Particularly preferred wire has a diameter of from about 12 
to about 125 microns, especially from about 25 to about 75 
microns. 

The material of the wire. will be selected according to 
the techniques by which the interconnections between it and 
the contacts on the electronic components are to be made. 
The wire should be capable of bonding * to the material of one 
of the contacts without the use of another material, and for 
this reason, aluminum, gold and copper wires are preferred, 
hard drawn gold wire being particularly preferred. 

The length of the interconnection wire is measured from 
the contact unless a portion of the interconnection wire is 
broadened in the vicinity of the contact, as would be the 
case when the bond is formed by, for example, ball bonding 
or wedge bonding. In this event, the length, of the 
interconnection wire is measured from "a point immediately 
above any such broadening. For example, when the bond is 
formed by ball bonding, the length of the wire will be 
measured from the point where the wire enters the ball; the 
surface of the ball may be concave or- convex at that point. 
When the bond is formed by wedge bonding, the length of the 
wire will be measured from the point where the portion of 
wire bonded to the contact meets the portion of wire 
extending away from the contact. 

It is preferred that the length of the interconnection 
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wire is from about 3d to about 12d, preferably from about 5d 
to about 7d. interconnection wires having a length within 
the specified range, and particularly within the specified 
narrow range, have a particularly advantageous combination 
of properties. On the one hand, the wires are sufficiently 
compliant to be able to accommodate forces exerted due to 
thermal cycling of the interconnected components, relatively 
long interconnection wires being preferred for 
interconnecting large components. Moreover, interconnection 
wires with lengths falling within the above ranges are 
sufficiently strong to be able to support an electronic 
component on top of a substrate, while still allowing for 
the thermal effects as discussed above. The mechanical 
properties of the interconnection wires can be adjusted to 
suit the requirements of a particular application by 
appropriate selection of the shape, material, processing 
(which can affect, inter alia the hardness and modulus of 
the wire), and length of the wires. Yet another advantage 
of such wires is that they have a very much shorter length 
than the wires used in the prior art techniques discussed 
previously in Which the wires extend from a first component 
to contacts on a substrate on which the first component is 
mounted. Shortening of the wires alleviates undesirable 
reactance characteristics and allows the rate of signal 
transmission between components to be increased. Another 
significant advantage of the technique of this invention 
over this prior art technique is of course that the space 
required to make the interconnections between electronic 
components is significantly reduced. 

When the bond between the wire and the contact is formed 
by ball bonding, it is preferred that the height of the ball 
above the contact (measured to the point furthest from the 
contact) is from about Id to about 3d. 

The wire may be severed directly to a desired length. 
Alternatively the wire may be severed by being weakened at a 
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point a desired distance from the bond to the contact in 
such a way that it breaks under an applied force at the 
point at which it has been weakened. The wire may be 
weakened first, so that it breaks when a force is applied 
subsequently. Alternatively,, the force may be applied to 
the wire which is then weakened while the force is being 
applied. The force which is applied to the wire is 
sufficient to break the wire at the point at which it has 
been weakened but should not be so great, that the bond 
between the wire and the contact is .broken. The combination 
of applying a force to the wire and then weakening the wire 
to cause it to break at a predetermined point has the 
advantage that it is a particularly convenient way to break 
wires to a repeatable length. Furthermore, localised 
necking of the wire caused by -the application .of force 
results in the wire being tapered over a short distance at 
its free end. This has the advantage that it facilitates 
location of the free end of the wire in an appropriately 
located quantity of conductive material, particularly when 
the conductive material is located in a recess as described 
in more detail below. Moreover, a bond between 
interconnection means and a pool of - conductive material is 
inherently stronger if the interconnection means has a 
constant cross-section since applied tension puts the bond 
under an exclusively shear- load. Furthermore, a wire having 
a tapered end portion can be inserted into a mechanical 
connector, the contact cross-section portion of the wire 
allowing a reliable connection to be made to the wire. 

It is preferred that the method includes the step of 
applying force to the wire. When the wire is severed 
directly to a desired length, an ..applied force can serve to 
remove any kinks or set in the .wire. 

A significant advantage of the application of force to 
the wire is that it helps to straighten the wire, in 
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particular to remove any curl in the wire, and thereby 
reduces the chance of two or more interconnection wires 
contacting one another and forming a short circuit. 

Another advantage of applying force to the wire is that 
the bond between the interconnection wire and the contact is 
tested mechanically automatically during the assembly 
process • 

Yet another advantage of the application of force to the 
wire is that it work-hardens the wire, thereby restoring at 
least partially its metallurgical properties which had been 
previously affected when it was heated, for example to cause 
it to bond to the contact or to weaken it* 

The problem of curl in a wire is particularly prevalent 
when the wire has been supplied and stored on a reel The 
method of forming interconnection wires of this invention is 
capable of solving this problem elegantly, while also 
allowing wires to be cut reproducibly to a desired length. 

The direction in which the interconnection wire extends 
from the contact can be selected by appropriate application 
of force. Preferably the interconnection wire extends in a 
direction away from the contact at an angle of less than 
about 30 % especially less than about 5°, to a line that is 
perpendicular to the contact at the point at which the wire 
is bonded thereto. Tt is especially preferred that the wire 
extends in a direction that is substantially perpendicular 
to the contact at the point at which it is bonded thereto* 
While it is preferred that the interconnection wires be 
straight and extend in a direction perpendicular to the 
contact f the wires may be inclined at any desired angle, by 
being bonded at that angle or being bent to that angle after 
bonding, and they may be curved, provided that the wires are 
maintained a sufficient distance apart to avoid contact with 



PAGE 23/49 ' RCVD AT 9/21/2004 4:01 :57 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3 1 DNiS:8729306 * CSID:703633fl03 * DURATION (mm-ss):12-44 



$ep-21-20li4 03:08pm From-LF3 OFFICE AREA 



7036333303 



T-008 P. 024/049 P 



-10- 

one another or with contacts or other conductive elements 
which would lead to a short circuit. 

Preferably a wire bonder is used to form the 
interconnection wire. Wire may be supplied to the contact 
through a through passage in a bonding head, and one or more 
of heat, pressure and vibration may be applied to the wire 
to make the bond via the bonding head. 

The bonding bead -may be provided with means for 
weakening the wire at a predetermined point relative to the 
opening through which, the wire leaves the passage. 
Preferably, the wire is weakened at a point within, the 
capillary. 

In another aspect, the invention provides a bonding head 
for a wire bonder , having a tubular passage extending 
through it through which wire can be supplied for bonding to 
a contact on an electronic component, and hatving means for 
weakening the wire at a predetermined point relative to the 
opening through which the wire leaves the passage. 

The means for weakening the wire preferably comprises a 
heat source for localized application of heat to the wire. 
For example, it comprise an electrode arranged for 
generation of an electric arc between the -electrode and the 
wire, or it may comprise a laser or an electrical resistance 
heater. The laser or arc electrode may operate 
independently of or in conjunction with another heat source , 
or another weakening means. 

The means for weakening the wire may comprise an element 
which is arranged to contact the wire to create a point of 
weakness therein. The element may create a .notch in the 
wire or it may sever the wire directly. The element may 
comprise for example a blade or a wire. -The element may 
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also comprise a heat source, for example a heated blade or 
wire. 

The weakening means is preferably arranged so that the 
wire is weakened at a point within the bonding head. This 
has significant advantages. Por example, it enables the 
wires to be cut reproducibly to a desired length by resting 
the bonding head on the contact, or on a broadened portion 
of the wire in the vicinity of the contact; cutting the wire 
with the bonding head in this position ensures that the wire 
has a predetermined length measured from the contact or from 
a point immediately above the broadened portion of the 
wire. Horeover, weakening the wire within the bonding head 
allows better control over any debris resulting from the 
weakening step; it is highly undesirable that any such 
debris should fall onto the component to which the wire is 
bonded where it could form a short circuit. The weakening 
means may be so arranged by being positioned in an aperture 
in the wall of the bonding head which communicates with the 
through passage. 

Preferably, the internal 'diameter of the" through passage 
is substantially constant over a distance, on each side of 
the point at which the wire is weakened, more preferably of 
at least about x, especially of at least about 2.5x, more 
especially of at least about 4x, where x is the internal 
diameter of the passage at the said point. This feature has 
been found to contribute to the accuracy with which the wire 
can be cut since the wire is less able to move laterally 
within the through passage than in a conventional bonding 
head in which the through passage is flared outwardly from a 
point only a short distance above the opening from which the 
wire leaves the passage. As an example, in a bonding head 
for wire having a diameter of 50 microns, the diameter of 
the through passage at the opening will generally be about 
60 microns. In this case it is preferred that the diameter 
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o£ the passage be about 60 microns over a portion . of its 
length at least about 125 microns, especially at least about 
250 microns, on each side o£ the means for weakening the 
wire. 

' The weakening means may be positioned externally of the 
bonding bead, preferably on an external surface. For 
example, when the weakening means comprises an electrode for 
generating as electric arc, it may be prbwided-by a stripe 
of a conducting material such as a conducting, paint. An 
advantage of an electrode positioned externally of the 
bonding head is that it is relatively convenient to 
manufacture the bonding head.' Pnrthermore , it. is possible 
conveniently to form relatively short interconnection wires, 
for example having a length of' 2d to' 3d. 

Particularly when the means for weakening tbe wire is 
mounted externally of the bonding head, it is preferred that 
the method of forming. interconnection wires includes the 
step of moving the bonding head away from the contact before 
the step of weakening the wire. The length of the 
interconnection wires may be selected by controlling the 
distance through which the bonding head is moved, for 
example by use of a stepping motor. 

The nature of the bonding head will be . determined 
according to the nature of .the bond to- be made thereby. 
When the bonding head is for making a ball bond, it will 
generally be a -capillary". When the bonding head is for 
making a wedge bond, if will generally be a -wedge-, these 
terms having recognised meanings in the art; 

The invention also provides an electronic • component 
having an interconnection wire beaded to a contact thereon 
without the use of a material other than the materials of 
the contact and the wire, the length of the interconnection 
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wire, measured from the contact or, if a portion of the 
interconnection wire is broadened in the vicinity of the 
contact, from a point immediately above any such broadening, 
being from about 2d to about 20d where d is the diameter of 
the interconnection wire. 

The invention further provides an assembly of first and 
second electronic components each having a contact, the 
contact being interconnected by an interconnection wire 
which: 



(a) 



(b) 



is bonded to the contact on the first component 
without the use of a material other than the 
materials of the wire and of that contact; 

is bonded to the contact on the second component by 
means of a conductive material that is different 
from the materials of the wire and of that contact. 

The formation of interconnection means from wire has 
many advantages over pedestals formed by deforming gold 
spheres. For example, interconnection wires have a 
sab S tantially constant cross-section which allows a more 
even stress distribution over their length compared with a 
moulded pedestal which has to be tapered over its entxre 
Xength in order to be removable from its mould. A constant 
cross-section also facilitates mechanical connection to the 
interconnection means. The distribution of stress over the 
entire length of the interconnection means is desxrable 
since it allows a greater strain to be withstood. 
Significant advantages also arise from the metallurgical 
structure of a wire compared with that of a moulded 
pedestal. A wire is work-hardened as a result of the 
process by which it is made. This ensures that 
interconnection means made from wire are capable physxoally 
of supporting an electronic component while also being 
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suff iciently compliant to withstand thermally induced 
stresses between the component and a substrate to which it 
is connected* In contrast, moulded pedestals will tend to 
be relatively soft as a result of the annealing to which 
they are subjected during the moulding process. The 
structure of the metal of moulded pedestals will also tend 
to be generally more flawed, and to have a coarser grain, 
than that of wire. Moulded pedestals will therefore tend to 
be less capable of withstanding thermally induced stresses 
without breaking at a point of weakness provided at a flaw, 
furthermore, the electrical properties of interconnection 
wires will be superior to those of moulded pedestals because 
of their more refined structure- 

Tbe reproducible and reliable mechanical and electrical 
properties of interconnection means formed from wire 
therefore confer significant advantages on. the 
interconnection technique provided by the present invention. 

preferably the method includes the step of applying to 
the bond between the interconnection wire and the contact on 
the first component, and to the surface of the component at 
least in the vicinity of the bond,, a layer. of an insulating 
material through which the wire extends in a direction away 
from the said surface. 

in another aspect, the invention provides an electronic 
component having at least one contact on a- surface thereof, 
the contact having an interconnection wire, bonded thereto 
without the use of a material other than the materials of 
the contact and the wire and extending in a direction away 
from the said surface, the bond between the wire and the 
contact, and the surface of the component at least in the 
vicinity of the contact, being coated with a layer of an 
insulating material through which the wire extends. 
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The provision of a layer of insulating material has the 
advantage that the conductive material that is used to make 
the bond between the interconnection wires and the second 
component is prevented from wicking along the wires into 
contact with contacts on the first component where it could 
cause a short circuit between such contacts. The problem 
which the insulating layer overcomes is believed to be 
peculiar to the interconnection technique of the present 
invention since the small scale and configuration of the 
interconnections means that wicking of a material such as 
solder is more prevalent* 

A further significant advantage of the component having ' 
a layer of an insulating material is that, in effect, it 
comprises a packaged component in which: 

<i> each contact on the component has an 

interconnection wire bonded thereto, to allow 
connections to be made to contact on other 
components ; and 

(ii) the bonds between the interconnection wires and the 
contacts, and sensitive surface regions of the 
component r are sealed against ingress of 
contaminants • 

A packaged component therefore has the advantage that it 
can be operated on in environments other than "clean room" 
environments, for example for testing of the component and 
for shipping. The use of interconnection wires formed by 
the method of the present invention allows a packaged 
component to be made having a smaller size than has hitherto 
been possible, indeed the area occupied by the packaged 
s component need be no greater than the area of the component 

. itself. This is a significant and highly desirable aspect 
of the present invention ♦ 
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4 * 

The layer of insulating material may also serve to 
support the interconnection wires laterally,, in particular, 
to provide strain relief at the base of the wires. 

Preferably, the layer of insulating .'material is 
sufficiently thick to cover the bond between the wire and 
the contact together with any broadened end portion of the 
wire associated with the bond, and especially that it 
extends along the constant cross-section portion of the 
wire r for example by at least 25 microns. It is preferred 
that the thickness of the layer is at least. 15 microns, 
especially at least 50 microns. 

The layer of insulating material may be .applied in 
layers. This has the advantage that pin-holes in a single 
layer are blocked. 

The layer of insulating material may be applied as a 
curable liquid. It may be. applied in drops, and the drops 
may then be encouraged to flow oyer the surface of the 
component by agitation, for example by spinning the 
component or - by vibrating it. 

The invention also provides a method of forming an 
interconnection wire on each of at least two contacts on an 
electronic component, in which each interconnection wire ia 
formed on its respective contact by the method of forming an 
interconnection wire described above, and which includes the 
step of applying force to each wire in a direction away from 
the bond to the contact, the direction in which force is 
applied to each wire being substantially parallel to the 
direction in .which force is applied to the or each 
neighboring wire. 

In a further aspect, the invention provides a method of 
interconnecting contacts on first and second components, 
comprising: 
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(a) forming an interconnection wire on a contact on the 
first component by a method as described above? and 

(b) bonding the free end of the interconnection wire to 
a respective contact on the second component* 

Preferably the bond between each interconnection wire 
and its respective contact on the second component is made 
by means of a conductive material which is different from 
the materials of the wire and of the contact. The 
conductive material may exist as a fluid or may otherwise be 
defonnable at ambient temperature, for example a conductive 
liquid, grease or gel, where necessary retained in place by 
a cover or a container. More preferably, the conductive 
material is a material which can be used to form a bond once 
beat has been applied thereto, for example a solder, a 
brazing material or a heat-activatable adhesive. Thus, it 
is preferred that the conductive material is fusible and is 
located in discrete quantities on each of the contacts or 
the second component, the bond being made by heating the 
conductive material to cause it to fuse and inserting the 
free end of the interconnection wire (which is bonded to the 
contact on the first component) into the fused conductive 
material. 

preferred solder materials include In/Pb and Au/Sn 
alloys. 

Formation of the bond between the wire and the contact 
on the second component using a conductive material has the 
advantage that the bond to the second component can be made- 
and unmade repeatedly and conveniently without affecting the 
bond between the wire and the first component, thereby 
allowing the first component to be disconnected from the 
second component, for example for repair or replacement. 
This is very much more difficult to achieve with 
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interconnections made by means of "bumps", since the 
connections between a bump and first and second components 
usually have the same nature; for example; they are usually 
both welds or both solder connections* To disconnect a 
component that is connected by an interconnection wire with 
a wire bond at each end, it is necessary to cut -the wire. 
The wire may then be too short to remake the connection, and 
it is extremely difficult to ensure that loose wires f 
attached to contacts on the. first component, are connected 
to the correct contacts on. the second component. Because of 
these and other difficulties, reconriectipn of components 
whose interconnection wires have been cut is not usually 
attempted: both the first and second components are usually 
discarded and replaced, which can involve significant 
expense, particularly when one of the components comprises a 
substrate on which several other components have already 
been mounted. The present invention removes the need for a 
wire bond at each end of the interconnection wire, thereby 
overcoming the problems of repair encountered with the prior 
art wire bonding technique. By severing the interconnection 
wires formed by the present method to a substantially 
constant length, there is no requirement to use a conductive 
material in which the material of the interconnection means 
dissolves, as taught in US-3373481, Indeed it is preferred 
to use a conductive material in which the material of the 
interconnection wires is substantially insoluble since this 
allows the bond to each wire to be remade repeatedly without 
erosion of the wires. 

In yet another aspect, the invention provides a method 
of forming an interconnection between contacts on first and 
second electronic components, which comprises: 

(a) bonding a- wire to a contact on the first component 
without the use of a material other than the 
materials of that contact and that wire? 
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(b) severing the wire to a desired length; and 

(c) connecting the free end of the wire to a contact on 
the second component by means of a conductive 
material which is different from the materials of 
the wire and of that contact. 

preferably the conductive material is located in a 
recess on the contact on the second component. 

The use of conductive material to form the bonds between 
the interconnection wires and the second component has the 
advantage that it is able to compensate for any small 
variations in the length of the wires, and for any 
deviations in the planarity of the surface of one or both of 
the components on which the contacts are arranged. This 
ability is enhanced further by locating the conductive 
material in a recess. The present invention provides a 
second component- which is provided with such discrete 
quantities of conductive materials, as "pools". 

Accordingly, the invention provides an electronic 
component having at least one contact on a surface thereof, 
and a quantity of a fusible conductive material located on 
the contact in a recess, the ratio of the depth of the 
quantity of conductive material to the transverse dimension 
at the exposed surface thereof being at least about 0.2S. 

The recess may be formed in the contact. Alternatively 
or in addition, the recess may be defined by a layer of 
insulating material which is located on the surface of the 
component around, and at least in the vicinity of the 
contact. The layer of insulating material may be an 
' integral part of the component, for example when the contact 

itself is recessed below the surrounding surface of the 
component. 
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The transverse dimension of the pool of conductive 
material will be its diameter when it is circular in 
cross-section ♦ When the cross-section is ^on-circular f the 
transverse dimension will be the diameter of a circle of 
equivalent cross-sectional area. The depth and transverse 
dimension of the pool of conductive material are measured at 
the center of the recess. 

It is preferred that the ratio of the depth of the pool 
of conductive material to its transverse dimension is at 
least about 0.50, especially at least about 1.00. In 
components in which the value of this ratio* is at least 0.25 
or higher , the surface density of the pools of conductive 
material, and therefore also of interconnections to the 
component, can be kept high while aiso compensating for 
variations in the lengths of. the interconnection wires. 

Iflie provision of pools of conductive material in 
recesses has the advantage that interconnection wires can be 
aligned with the pools of conductive material by the opening 
of the recess. 

preferably, the recess is tapered inwardly. This 
further enhances correct alignment of the interconnection 
wires in the pools of a conductive material. To complement 
the inward taper in the recess, it is preferred that the 
interconnection wire is tapered over a short distance at its 
free end. 

When the conductive material comprises a solder , it is 
preferably supplied to the recesses in particulate form f for 
example as a powder or in the form of small spheres. The 
powder may be supplied in. the for* of a paste comprising the 
solder particles together with a flux arid preferably also a 
solvent* The paste is inserted into a recess.. Volatile 
components of the paste f especially any -solvents present 
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therein, are then removed by heating. Subsequently the flux 
la removed to leave a pool of solder in the recess on the 
contact. When the solder is supplied in the form of 
spheres, it is preferred initially to supply a single sphere 
to each recess, having a transverse dimension such that it 
can sit in the recess and contact the base of the recess, 
preferably less than about 0.75 times the transverse 
dimension of the recess at its base. Subsequently, 
additional spheres of solder may be supplied to increase the 
depth of the solder pool. A flux should generally be added 
with at least the initial solder sphere. The quantity of 
flux should preferably be enough to provide a coating on the 
solder sphere and on the contact (which is at the base of 
the recess), but not so much as to fill completely the space 
between the the sphere and the walls of the recess, so as to 
cover the sphere. The use of spheres of solder is 
particularly preferred for .replenishing pools of solder 
after interconnection wires have been removed therefrom in 
order to disconnect the components, since it conveniently 
allows the amount of added solder to be controlled. 

Methods of forming an interconnection wire, methods of 
interconnecting contacts, a bonding head for a wire bonder 
and electronic components, in accordance with the present 
invention, will now be described by way of example with 
reference to the accompanying drawings, in whlchr 

Figure 1 is a sectional elevation of an electronic 
component, such as an integrated circuit chip, to which an 
interconnection wire is being bonded by means of a 
thermocompression wire bonder; 

Figure 2 is a sectional elevation of the IC chip shown 
in Figure 1, having interconnection wires bonded to each 
contact; 
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Figure 3 is a sectional elevation of an electronic 
component such as an IC chip carrier having a discrete 
quantity of a conductive material such as a solder located 
in a recess on each contact thereon? 

Figure 4 is a sectional elevation of the electronic 
components shown in Figures 2 and 3 interconnected by means 
of interconnection wires; 

Figure 5 is an enlarged view of a bonding head of a wire 
bonder in use forming an interconnection wire on a contact 
on an electronic component; and 

Figure 6 shows the bonding' head shown in Figure 5 being 
lifted, from the contact f leaving an interconnection wire 
bonded to the contact. 

Referring to the drawings , . Figure 1 shows an electronic 
component 1 such as an integrated circuit chip having 
contacts 3 on a principal surface 5 thereof. 
Interconnection wires 7 are bonded to the contacts; one of 
the wires is shown in the process of beiijg bonded to its 
respective contact by means of a wire bonder f of which only 
the capillary bonding head 9 is shorn. The bonding head has 
a through passage 11 through which the wire is supplied for 
bonding to the contacts on the component. The bonding head 
has an aperture 13 in its side wall which communicates with 
the through passage 11 for housing means for weakening the 
wire at a point a predetermined distance from the opening 
through which the wire leaves the through passage. Once the 
wire has been bonded to a contact , it is severed at a point 
a distance of from 2d to 20d above the ball 15 through which 
the wire is bonded to the contact, where d is the diameter 
of the wire. Preferably the wire is severed by applying 
force to the "wire in a direction away from the contact so 
that it breaks at a point at which it has been weakened. 
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Figure 2 shows the component 1 having interconnection 
wires 7 bonded to each of its contacts 3, Each of the wires 
has been severed so that the wires are all of substantially 
equal length. * layer 17 of an insulating material has been 
applied to the surface 5 of the component so as to 
encapsulate the bonds between the wires 7 and the contacts 
3f including the balls 15 formed on the ends of the wires 
through which they are bonded to the contacts. A layer 
having the configuration shown in Figure 2 may be of a 
relatively inflexible polymer such as one which is at least 
partly crystalline. 

Figure 3 shows an electronic component 21, such as an 1C 
chip carrier, having contacts 23 on a principal surface 25 
thereof. Pools 27 of conductive material such as solder are 
provided one on each contact 23. Bach of the pools is 
located in a recess in a layer 29 of insulating layer which 
is located on the surface 25 of the component around each of 
the contacts 23. The ratio of the depth of each pool 27 of 
conductive material to. its transverse dimension is at least 
0 . 25 . 

The transverse dimension of each recess is greater at 
the outer surface 31 of the layer 29 o£ insulating material 
than at the surface which contacts the surface 25 of the 
component 21, so that the recess is tapered inwardly 
towards its respective contact 23. The taper of the recess 
helps to align the interconnection wires in the pools 27 of 
conductive material. This alignment can be further enhanced 
by severing each interconnection wire 7 on the component 1 
soch that it is tapered over a short distance at its free 
end. 

Figure 4 shows the first component 1, shown in Figure 2, 
and the component 21, shown in Figure 3, interconnected by 
means of the interconnection wires 7 which are bonded to the 
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contacts 3 on the first component 1 as described above, ana 
are connected to the contacts 23 on the second component 21 
by means of the conductive material of the pqols 27. When 
the conductive material is fusible, ' for .eaeaople a solder r 
the connection of the wires 7 to the contacts 23 on the 
second coinponent 21 is made by applying heat to cause the 
conductive material to fuse, and inserting the free ends of 
the wires 7 into the fused material* 

Figure 5 shows schematically a capillary bonding head 39 
of a wire bonder in use forming a boi*d between the end of a 
wire 41 and a contact 43 on a surf ace' of a component 45, 
The wire bonder comprised ah electrode 47 for generating an 
arc between it and the end of the wire 41 which protrudes 
from the through passage 4B in the bonding head 39 when in a 
raised position (not shown)* The electrode 47 serves to 
form a ball 49 on the end of the wire 41 by causing the 
material of the wire to, fuse. The electrode is connected 
through a D*C. power source 50 to the wire 41* 

After the ball 49 has been formed on the end of the wire 
41 , the bonding head 39 is lowered r past the ball forming 
electrode 47 , to apply heat and pressure to form a bond 
between the ball 49 and the .contact 43. The bond is formed 
without the use of a material other than the materials of 
the wire and the contact, apart from incidental amounts of 
materials such as surface preparation agents , reaction 
products and contaminants* 

Once the bond between the* ball 49 and the contact 43 has 
been made/ the wire 41 is broken by gripping the wire within 
the wire bonder and applying a force to the wire in a 
direction substantially perpendicular to the contact 43 at 
the point at which the wire 41 is bonded thereto. As shown 
in Figure 6, the force is applied by gripping the wire 41 
and raising the wire bonded Including the bonding head 39 
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form the contact 43. in some circumstances it can be 
advantageous to apply the force to the wire by means of jaws 
which grip the wire and which are movable relative to the 
bonding arm. For example , the jaws may be mounted on a 
resilient arm which is capable of moving the jaws relative 
* to the bonding arm so as to apply a reproducible force to 

the wire (which is bonded at its free end to the contact 43 
via the ball 49). 

The wire is made to break under the applied force by 
weakening it at a desired point. For this the bonding head 
is provided with an electrode 51 in an aperture in the side 
wall of the head which communicates with the through passage 
48. The electrode 51 is connected to the wire 41 through 
the power source 50. 

On each side of the aperture in which the electrode 51 
is located, the internal diameter of the through passage 48 
is arranged to be constant over a distance which is greater 
than 2.5x where x is the internal diameter of the passage at 
the point. where the aperture and the passage meet. This 
allows the wire 41 to be cut more reproducibly to a desired 
length since its ability to move laterally in the passage is 
minimized; the arc between the electrode 51 and the wire 41 
will therefore be shorter and more controllable. 

The combination of force and the arc between the wire 41 
and the electrode 51 produces an interconnection wire on the 
contact 43 that is tapered over a short distance 53 at its 
free end. 
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CLAIMS s 

1 # A method of forming an interconnection wire on a 

contact on an electronic component , comprising bonding a 
wire to the contact without the, use of a- material other than 
the materials of the contact and the wire and severing the 
wire to leave an interconnection wire \ bonded . to the contact 
and having a free end f the length of the interconnection 
wire, measured from the contact or r if a .portion of the 
interconnection wire is broadened in the vicinity of the 
contact r fs°» a point immediately above any such broadening, 
being from about 2d to about 20d where d is the diameter of 
the interconnection wire. 

2. A method as claimed in claim L r in which the length 
of the connection wire is from about 3d to about 12d r 
preferably from about 5d to about 7d, > . 

3. A method as claimed in claim 1 or claim 2, which 
includes the step of applying force .to the wire in a 
direction away from the contact. 

4. A method as claimed in claim 3, 'in which the wire 
is severed by weakening it at a po^nfc a .desired distance 
from the bond to the contact so that it breaks under the 
applied force at the point at which it has been weakened. 

5# a method as claimed in claim 4, in which the wire 

is weakened by localized application of heat> preferably by 

means of an electric arc, 

t ■ 

6. A method as claimed in any one of the preceding 

claims r in which the wire is bonded, to the contact by 
thermooompression bonding » 
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7 w a method as claimed in any one of the preceding 

claims r in which the bond is formed between a ball formed on 
the end of the wire and the contact, the height of the ball 
above the contact after formation of the bond preferably 
being from about Id to about 3d. 

8. A method as claimed in any one of the preceding 

claims, in which the wire is supplied to the contact 
through a bonding head on a wire bonder. 

9^ A method as claimed in claim 8, which includes the 

step of moving the bonding head away from the contact before 
weakening the wire. 

10. a method as claimed in claim 8 or claim 9, in which 

the wire is weakened at a point within the bonding head. 

11 # A method of forming an interconnection wire on each 

of at least two" contacts on an electronic component, in 
which each interconnection wire is formed on its respective 
contact by a method as claimed in any one of the preceding 
claims, and which includes the step of applying force to 
each wire in a direction away from the bond to the contact, 
the direction in which force is applied to each wire being 
substantially parallel to the direction in which force is 
applied to the or each neighboring wire. 

12. A method of interconnecting contacts on first and 

second components, comprising; 

(a) forming an interconnection wire on a contact on the 
first component by a method as claimed in any one 
of claims 1 to 10? and 

Cb) bonding the free end of the interconnection wire to 
a respective contact on the second component ♦ 
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13 « h method as claimed in claim 12/ in which the bond 

between the interconnection wire and the contact on the 
second component is made by means of. a conductive material 
which is different from the materials of the wire and of the 
contact/ preferably by means of a solder • 

14. A method as claimed in claim 13 r in, which the 
conductive material is fusible and is located in discrete 
quantities on each, of the contacts on the second component r 
the bond being made by heating the conductive material to 
cause it to fuse and inserting the free end of the 
interconnection wire into the fused conductive material. 

15. A method as claimed in claim 14, in which each 
discrete quantity of the conductive material is located in a 
recess on a contact on the second component* 

16. An electronic component having an interconnection 
wire bonded to a contact thereon without the use of a 
material other than ttte materials of .the contact and the 
wire, the length of the interconnection wire r . measured from 
the contact or, if a portion of the interconnection wire is 
broadened in the vicinity of the contact, from a point 
immediately above any such broadening, being 1 from about 2d 
to about 20d where d i£ the* diameter of the interconnection 
wire* 

17. A method as claimed in qlaim 16, in which the 
interconnection wire is substantially- straight. 

18. A method as claimed in claim 17, in which the 
interconnection wire extends in a direction away from the 
contact at an angle of less than about 30 °, especially less 
than about 5°, to a line which is perpendicular to the 
contact at the point at which the wire is bonded thereto. 
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19. A component as claimed in claim 18, in which the 
interconnection wire is tapered over a short distance at its 
free end. 

20. An assembly of first and second electronic 
components each having a contact, the contact being 
interconnected by an interconnection wire whicht 

(a) is bonded to the contact on the first component 
without the use of a material other than the 
materials of the wire and of that contact; 

<b> is bonded to the contact on the second component by 
means of a conductive material that is different 
from the materials of the wire and of that contact. 



21. A method of forming an interconnection between 

contacts on first and second electronic components, which 
comprises; 

(a) Donding a wire to a contact on the first component 
without the use of a material other than the 
materials of that contact and the wire; 

(b) severing the wire to a desired length? and 

(c) connecting the free end of the wire to a contact on 
the second component by means of a conductive 
material which is different from the materials of 
the wire and of that contact. 



22 



\ method as claimed in claim 21, which includes the 
step of applying a force to the wire, in a direction away 
from the contact. 
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23. A method as claimed in claim 22, in which the force 
contributes to the severing of the wire. 

24. a bonding head for a wire bonder , having a tubular 
passage extending through it through which wire can be 
supplied for bonding to a contact on an electronic 
component, and having means for weakening the wire at a 
predetermined point relative to the opening through which 
the wire leaves the passage. 

25. & bonding head as claimed in claim 24, in which the 
weakening means is mounted externally of the capillary, 
preferably on an external surface of it. 

26* A bonding head as claimed in claim 24, in which the 

weakening means is arranged to weaken tfce wire at a point 
within the tubular passage. 

27. A bonding head -as claimed in claim 26 r in which the 
internal diameter of the through passage is substantially 
constant over a distance, on each side of the point at which 
the wire is weakened r preferably of at least about lx, more 
preferably of at least about 2.5x, especially of at least 
about 4x, where x is the internal diameter of the passage at 
the said point. 

28. A bonding head as claimed in any one of claims 24 
to 27, in which the weakening means comprises a heat source 
for localized application of heat to the wire. 

29. A bonding head as claimed in claim 28, in which the 
heat source comprises an electrode arranged for generating 
an electric arc between the electrode and the wire, or a 
laser. 

30. - A bonding head as claimed in any one of claims 24 
to 29, in wUich the weakening means comprises an element 
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which is arranged to contact the wire so as to create a 
point of weakness therein. 

31. A bonding head as claimed in any one of claims 24 
to 30, which is for use as a capillary for ball bonding. 

32 . An electronic component having at least one contact 
on a surface thereof, the contact having an interconnection 
wire bonded thereto without the use of a material other 
than the materials of the contact and the wire and extending 
in a direction away from the said surface, the bond between 
the wire and the contact, and the surface of the component 
at least in the vicinity of the contact, being coated with a 
layer of an insulating material through which the wire 
extends . 

33. A component as claimed in claim 32, in which the 
thickness of the layer of insulating material is at least 
about IS micrometers. 

34. An electronic component having at least one contact 
on a surface thereof, and a quantity of a fusible conductive 
material located on the contact in a recess, the ratio of 
the depth of the quantity of conductive material to the 
transverse dimension at the exposed surface thereof being at 
least about 0.25, preferably at least 0.50, especially at 
least about 1.00. 

35. A component as claimed in claim 34, in which the 
fusible conductive material comprises a solder . 

36. A component as claimed in claim 34, in which the 
recess is tapered inwardly. 
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FIG 6 
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